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Abstract
Monoclonal antibodies (mAb) were produced against a recombinant (r) chicken interleukin-6 (IL-6). Eight mAbs produced were

tested for isotype; ability to inhibit recombinant forms of chicken (ch), human (h) and murine (m) IL-6; and recognition of rchIL-6

by Western immunoblotting. The mAb isotypes were represented by IgG1 (one), IgG2a (six) and IgG2b (one). In a mouse B9

hybridoma cell bioassay with rmIL-6, four mAbs effectively inhibited activity of rmIL-6. Further bioassays with the four mAbs at

varying concentrations showed that two of these mAbs (1.20.7 and 1.26.4) were quite effective at inhibiting rmIL-6. Recombinant

forms of ch, h and mIL-6 were all tested in a bioassay with the most potent inhibiting mAb (1.26.4), and this mAb was effective in

inhibiting all three recombinant IL-6 proteins. Western immunoblotting revealed identification of the original IL-6 immunogen used

for mAb production. Based upon inhibition of IL-6 activity in a standard bioassay and IL-6 recognition by Western immunoblotting,

mAb 1.26.4 was judged the most useful antibody for future studies and applications.

# 2006 Published by Elsevier B.V.
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Antibodies against IL-6 have been used to inhibit

certain inflammatory responses (Suzuki et al., 1994;

Gijbels et al., 1995; Saba et al., 1996; Mazuski et al.,

1997; Levi et al., 1998; Marby et al., 2001; Frode et al.,

2002; Riedemann et al., 2003) and cancers (Klein et al.,

1991; Hudak et al., 1992; Montero-Julian et al., 1995;

Smith and Keller, 2001; Trikha et al., 2003; Campo

et al., 2005; Wallner et al., 2006) promoted by IL-6 in

mammals. Therefore, therapeutic effects of anti-IL-6

molecules have been reported in addition to usefulness

of these antibodies in laboratory procedures. A recent

report (Nishimichi et al., 2005b) describes a mAb

against chIL-6 that recognizes the native form of this

chicken cytokine and blocks the active site that binds to
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IL-6R on a chicken hybridoma cell line. The results

presented herein are for mAbs against chIL-6 that

recognize the native protein by ELISA and inhibition in

a cell proliferation bioassay, and bind to denatured

chIL-6 in a Western.

IL-6 cDNA was cloned into pMAL-c2 (New England

Biolabs, Beverly, MA) vectors to produce maltose

binding protein (MBP) fusion protein containing IL-6.

Recombinant chIL-6 was purified using an amylose

affinity column (New England Biolabs, Beverly, MA). To

develop B-cell hybridomas secreting mouse monoclonal

antibodies against chIL-6, BALB/c mice (National

Cancer Institute, Fredrick, MD) were immunized

biweekly with 50 mg of rchIL-6-MBP emulsified in

Freund’s adjuvant (Sigma Chemical Co., St. Louis, MO)

by intraperitoneal and subcutaneous injections and

boosted intravenously with 25 mg of rchIL-6-MBP

without adjuvant 3 days prior to fusion. Mice producing

high serum Ab titers against chIL-6 were selected by
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ELISA, and their spleen lymphocytes were fused with

nonsecreting mouse myeloma SP2/0 cells (ATCC,

Rockville, MD).

Hybridomas secreting IL-6 antibodies were cloned

by limiting dilution. Ascites were produced in female

BALB/c mice following intraperitoneal injection with

0.5 ml of 2,6,14,20-tetramethylpentadecane (Sigma

Chemical Co., St. Louis) and a week later with

5 � 106 hybridoma cells. Ascites fluids were purified

on fast protein liquid chromatography (FPLC1 system;

Amersham Pharmacia Biotech, Piscataway, NJ) using

HiTrap1 Protein G 5-ml column (Amersham Pharma-

cia Biotech, Piscataway, NJ) according to manufac-

ture’s instructions. Isotype of each antibody was

determined with isotyping reagents (ISO-2, Sigma

Chemical Co., St. Louis).

To screen hybridoma cells, each well of flat-bottom

96-well microtiter plates (Dynex Technologies Inc.,

Chantilly, VA) was coated with 100 ml of 20 mg/ml of

rchIL-6-MBP or MBP alone (negative control) in 0.1 M

carbonate buffer, pH 9.6 for 18 h at 4 8C, washed three

times with PBS containing 0.05% Tween-20 (Bio-Rad

Laboratories, Hercules, CA), pH 7.2 (PBS-T). Each

well was blocked with 200 ml of PBS containing 2%

BSA for 1 h at room temperature, and washed three

times with PBS-T. Hybridoma supernatants (100 ml)

were added, the plates incubated for 2 h at room

temperature, washed three times. One hundred micro-

litres of horseradish peroxidase (HRP)-conjugated goat

anti-mouse IgG (H + L; Sigma Chemical Co., St. Louis)

diluted in PBS–0.1% BSA (1:2000) was added and

incubated for 1 h at room temperature. Plates were

washed three times, 100 ml of 0.01% (w/v) 3,30,5,50-
tetramethylbenzidine dihydrochloride (Sigma Chemi-

cal Co., St. Louis) in 0.05 M phosphate–citrate buffer,

pH 5.0 added for 15 min, and reactions stopped with

50 ml of 2 N sulfuric acid.

Interleukin-6 bioactivity was assessed with a B9

bioassay of this cytokine from chicken, and human and

murine sources (Roche Diagnostics GmbH, Roche

Applied Science, Germany). The mammalian sources

were purchased, and rchIL-6 was produced in house. A

transformation was performed by addition of 10 ng of

plasmid containing the chIL-6 cDNA sequence to one

vial of BL21 StarTM (DE3) One Shot1 cells. Instruc-

tions provided by the ChampionTM pET Directional

TOPO1 Expression kit (Invitrogen Life Technologies,

Carlsbad, CA) were followed for expression of rchIL-6.

B9 cells are an IL-6-dependent murine B-cell

hybridoma cell line (Aarden et al., 1987). Cells were

recovered from flasks and centrifuged for 5 min at

180 � g, and the pellet was resuspended in 1–2 ml of
IL-6-free culture medium. Following a viability deter-

mination by trypan blue exclusion, cells were adjusted to

1 � 105 cells/ml. Anti-chIL-6 antibodies or isotype

controls (IgG1, IgG2a, IgG2b; Sigma Chemical Co., St.

Louis) were added in 50 ml volumes in wells within rows

of 96-well culture plates leaving empty wells for

appropriate controls. Fifty microliters of IL-6 sources

at various concentrations were added to appropriate

wells. One hundred-microliter volumes of B9 cells

(1 � 104) were added to each well along with appropriate

control wells containing IL-6-free medium. Plated cells

were then placed in a CO2 (5%) incubator at 37 8C and

incubated for 96 h. Four hours prior to termination of the

incubation period, 50 ml of MTT (5 mg/ml, tetrazolium

salt, 3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyl-tetrazo-

lium bromide, Sigma Chemical Co., St. Louis) were

added to each well. At conclusion of incubation,

supernatant was removed from each well and 150 ml

of DMSO (Dimethylsulfoxide, EMD Chemical Inc.,

Darmstadt, Germany) was added to lyse cells and

dissolve dye crystals. Plates were read on a THERMO-

max1 (Molecular Devices, Menlo Park, CA) plate reader

at 570 and 650 nm and recorded as DOD.

For Western blot analysis proteins were mixed with an

equal volumes of 0.125 M Tris–HCl, pH 6.8, 4% SDS,

20% glycerol, 10% 2-mercaptoethanol and 0.004%

bromophenol blue, heated for 4 min at 94 8C, resolved on

15% SDS-polyacrylamide gels and electroblotted to

Immobilon-P membrane (Millipore, Bedford, MA). The

membrane was blocked with PBS containing 1% nonfat

dry milk for 16 h at 4 8C, incubated with undiluted

hybridoma culture supernatants, washed with PBS-Tand

bound antibody reacted with HRP-conjugated goat anti-

mouse IgG antibody in PBS–BSA for 30 min at room

temperature. The membrane was washed five times with

PBS-T and five times with distilled water and developed

using 3,30-diaminobenzidine substrate (Sigma Chemical

Co., St. Louis).

After initial screening of monoclonal antibodies for

their reactivity against chIL-6, eight mAbs which

showed high binding activities against rchIL-6 in the

ELISA were selected for further characterization.

Antibody 1.12.4 was determined to be IgG1, antibody

1.26.4 was isotyped as IgG2b, and the remaining six

antibodies (1.15.4, 1.20.7, 1.22.2, 1.24.5, 1.28.7, and

1.31.5) were found to be IgG2a.

A B9 bioassay with rmIL-6 was conducted with

inclusion of the eight mAbs, isotype controls and a

negative antibody/Ig control (Fig. 1). The negative

antibody/Ig control and three isotype controls had

similar stimulation indices (SI). Antibodies 1.24.5 and

1.28.7 did not inhibit activity of IL-6 in the B9 bioassay,
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Fig. 1. The effects of different monoclonal antibodies produced

against recombinant chicken interleukin-6 (IL-6) and isotype controls

(10 mg/ml) on activity of murine IL-6 (0.05 ng/ml) stimulation (SI, 3-

(4,5-dimethylthiazol-2-yl)-2,5-diphenyl-tetrazolium bromide OD of

IL-6 stimulated cells/OD of non-stimulated cells) of IL-6-dependent

murine B9 hybridoma cells in culture. B9 cells were co-cultured with

antibodies/isotypes and murine IL-6 for 96 h at 37 8C (5% CO2). Bars

with different letters are significantly different at P � 0.05.

Fig. 2. The effects of monoclonal antibody 1.26.4 (open bars) and

isotype control IgG2b (closed bars) at 3.75 mg/ml on the activity of

chicken, human and murine IL-6 (0.025 ng/ml) stimulation (SI, OD of

IL-6 stimulated cells/OD of non-stimulated cells) of IL-6-dependent

murine B9 hybridoma cells in culture. B9 cells were co-cultured with

antibody/isotype and IL-6 sources for 96 h at 37 8C (5% CO2). Bars

with different letters within IL-6 source are significantly different at

P � 0.05.
and antibodies 1.22.2 and 1.31.5 did not significantly

lower activity of IL-6 on B9 cells compared to 1.24.5

and 1.28.7 mAbs. Significantly lower responses of B9

cells to IL-6, compared to controls, were seen with

antibodies 1.12.4 and 1.15.4. The most significant

inhibition/neutralization of IL-6 in the bioassay system

was observed with antibodies 1.20.7 and 1.26.4.

With identification of four antibodies (1.12.4, 1.15.4,

1.20.7 and 1.26.4) having inhibitory activity on rmIL-6,

an assay was run with varying concentrations of these

four antibodies in order to determine an effective conce-

ntration for neutralizing IL-6 (Table 1). Within each

antibody tested, it is apparent that both 1.20.7 and 1.26.4

were effectively inhibiting IL-6 at higher concentrations

of each of these antibodies. Overall, antibody 1.26.4 was

best at neutralizing action of rmIL-6 in the bioassay.
Table 1

The effects of different concentrations (mg/ml) of monoclonal antibodies pr

murine IL-6 (0.025 ng/ml) in a 96-h murine B9 hybridoma cell bioassay

Antibody/isotype Antibody/isotype concentration (mg/ml)

0.9375 1.875

1.12.4 6.20a � 1.53 5.72a � 1.31

1.15.4 6.25a � 1.60 5.97a � 1.18

1.20.7 7.66a � 1.54 7.17a � 1.54

1.26.4 4.01a � 0.60 3.55a � 0.75

IgG1 6.83a � 1.91 6.46a � 1.43

IgG2a 7.40a � 1.54 6.39a � 1.33

IgG2b 6.71a � 1.41 6.91a � 1.32

Values (means � S.E.M.) are reported as stimulation indices of 3-(4,5-dimeth

of IL-6 stimulated B9 cells divided by OD of unstimulated B9 cells. Murin

different (P � 0.05) within antibody across concentrations.
Using antibody 1.26.4 as the best neutralizing

reagent, a B9 bioassay was conducted to neutralize

bioactivity of recombinant ch, h and mIL-6 sources.

Antibody 1.26.4 was very effective in neutralizing all

three recombinant IL-6 sources (Fig. 2). It is interesting

to find that mAbs produced against chIL-6 effectively

inhibited h and mIL-6. Schneider et al. (2001) had

shown that chIL-6 is 52 and 44% similar to human and

rat, respectively, with 35 and 25% identity, respectively.

So, neutralizing antibodies in this study are not only

inhibiting activity of different IL-6 sources, but these

antibodies are binding to relevantly identical site(s) on

ch, h and mIL-6 molecules.

Antibody 1.26.4 provided positive identification of

rchIL-6 (Fig. 3). Lane 1 shows recognition of MBP/IL-6

fusion protein by antibody 1.26.4, whereas lane 2 was
oduced against recombinant chicken IL-6 to neutralized recombinant

3.75 7.5 15

5.49a � 1.01 4.58a � 0.83 2.75a � 0.38

5.48a � 1.05 5.23a � 0.85 5.10a � 0.53

5.88a � 0.99 4.78ab � 0.61 2.02b � 0.25

2.43ab � 0.44 1.12b � 0.08 0.66b � 0.08

6.39a � 1.65 6.07a � 1.30 4.83a � 1.05

6.42a � 1.06 6.84a � 1.26 5.93a � 0.98

6.55a � 1.26 6.88a � 0.08 6.08a � 0.91

ylthiazol-2-yl)-2,5-diphenyl-tetrazolium bromide optical density (OD)

e IL-6 Control, SI = 6.72. Means with different superscripts (a,b) are
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Fig. 3. Western immunoblot analysis of anti-IL-6 monoclonal anti-

body 1.26.4. Lane 1, intact recombinant chicken IL-6-MBP fusion

protein stained with mAb 1.26.4; lane 2, recombinant chicken IL-6

protein stained with anti-IFN-g mAb; lane 3, recombinant chicken IL-

6 after Factor Xa digestion (Song et al., 1997) stained with mAb

1.26.4.
stained with mAb detecting chIFN-g (Yun et al., 2000)

as negative control. Lane 3 shows mAb 1.26.4

recognition of rchIL-6, which was cleaved for MBP

(Song et al., 1997) to give the predicted MW for rchIL-

6. The mAb 1.26.4 recognized a denatured form of

rchIL-6 in this Western.

The screening ELISA showed that the native form of

recombinant protein was recognized by all eight of the

antibodies originally identified for neutralization assays

and Western immunoblots. Therefore, utility of these

antibodies is such that multiple assay techniques could

be employed with them to evaluate naturally occurring

chIL-6 in various specimens (e.g., blood and tissues).

As of yet, detection of natural chIL-6 by 1.26.4 has not

been determined. Often, a mAb will recognize native

protein, but not have neutralizing ability nor be able to

bind to a denatured form of the protein. A recent article

(Nishimichi et al., 2005b) reports a mAb against chIL-6

that recognizes native protein and inhibits the cytokine’s

ability to bind to IL-6R on a chicken hybridoma cell line

(HUC2-13; Nishimichi et al., 2005a). The most useful

reagents allow researchers to identify protein in various

different procedures using both native and denatured

proteins of natural and recombinant forms.

The effectiveness of mAbs in vivo is another aspect of

antibody usefulness as an immunotherapy. Although it is

not likely that these antibodies against chIL-6 will be

practical as anti-inflammatory reagents on a large-scale

industry basis in chickens, these antibodies will be useful
for diagnostic tests and quick assays (i.e., colormetric

tests) to screen for inflammatory responses in poultry.

There are various situations in poultry health practice

where vaccines or nutrient feed contents can lead to

induction of undesired inflammatory reactions. Current

literature is rapidly accumulating on detection of

cytokines like IL-6 in cells and tissues of chickens by

quantitative PCR techniques (Kaiser et al., 2000, 2002;

Okamura et al., 2003; Sijben et al., 2003; Lam, 2004;

Jarosinski et al., 2005; Khatri and Palmquist, 2005; Kogut

et al., 2005a,b; Rebel et al., 2005; Eldaghayes et al., 2006;

Hangalapura et al., 2006). This method of cytokine

detection and quantitation is very sensitive and provides

very meaningful data on expression of cytokines under

various treatments and conditions. However, not every-

one has access to this type of technology, and use of a

more generalized reagent like a mAb would provide an

approach to detecting IL-6 in specimens while the

quantitative PCR approach becomes more affordable and

applicable to field-like conditions. No doubt with intense

interest in nanotechnology, a convenient methodology

will be available in the future.

Presently, one or more of the mAbs described in this

report can be used to detect and screen for IL-6 in

chickens. On a broader scale, there is cross-reactivity

with h and mIL-6, which allows for the use of one or two

of these antibodies for evaluations of h and mIL-6 as

well.
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